Variation has been observed in the structural polypeptides of swine vesicular disease viruses isolated from the United Kingdom and Hong Kong. Despite the limited number of isolates examined, several distinct polypeptide patterns were obtained when the virus structural proteins were examined by polyacrylamide gel electrophoresis. Isolates from outbreaks in the United Kingdom which were known to be connected gave the same polypeptide pattern, whereas viruses with different polypeptide patterns could not be traced to a common source. The different polypeptide patterns were obtained consistently and were not altered by passage of the virus in tissue culture. In general, isolates with identical polypeptide patterns could not be distinguished by neutralization or antibody blocking tests or by competition radioimmunoassays. However, isolates with different polypeptide patterns could be differentiated by antibody blocking tests or radioimmunoassay. The correlation between the serological tests and the polyacrylamide gel electrophoresis analyses illustrates the value of analyzing structural polypeptides in the epidemiological study of swine vesicular disease.
Swine vesicular disease (SVD) was first observed in Italy in 1966 (13). This incident was followed by outbreaks in Hong Kong (12) and Europe (1) ; the disease first appeared in the United Kingdom in the winter of 1972-73 (6) . The disease, clinically indistinguishable from foot-and-mouth disease, is caused by an enterovirus serologically related to coxsackie B5 virus, a human pathogen (8) . Detailed examination of several isolates of SVD virus (SVDV) and coxsackie B5 virus has revealed, however, that they can be distinguished by cross neutralization and immunodiffusion tests (2, 3) . Minor differences have been detected between isolates of SVDV in neutralization tests using convalescent pig sera (4), but similar tests with hyperimmune guinea pig sera have not shown reproducible differences. However, hyperimmune guinea pig sera can be used to differentiate between SVDV isolates in immunodiffusion tests with purified viruses. These differences appeared to correlate with altered migration of the virus particle polypeptides in polyacrylamide gels (9) .
In this paper we compare the structural polypeptides of several SVDV isolates from different parts of the United Kingdom by polyacrylamide gel electrophoresis (PAGE) and show that viruses with different patterns can be differentiated by competition radioimmunoassay (RIA). Some isolates from Hong Kong were also compared by these methods. The results show that there is sufficient variation within the SVDV group to allow viruses from different outbreaks to be distinguished, and to demonstrate the potential of using a molecular approach for examining the epidemiology of this disease.
MATERIALS AND METHODS Viruses. Isolates from several countries were examined (Table 1 ). All the viruses were isolated by inoculating monolayer IBRS-2 pig kidney cell cultures (7) (9) . Serum blocking tests. Virus harvests were inactivated with 0.05% acetylethyleneimine at 37°C for 6 h. The action of the acetylethyleneimine was stopped with 2% sodium thiosulfate, and the preparations were then dialyzed against Eagle medium to remove any reagents that might be toxic for IBRS-2 cells. Serial dilutions of each antigen were then mixed with either homologous or heterologous antiserum, and the residual antibody was estimated by titration in microtiter plates against 10-fold dilutions of the virus homologous to the antiserum being absorbed. Eight wells were used for each 10-fold dilution. The serum blocking activity was the difference between the antibody titrations in the absence and presence of inactivated antigen. Two viruses were regarded as closely related when the heterologous virus absorbed more than 10% of the neutralizing antibody absorbed by the homologous virus. Viruses were regarded as distantly related when the heterologous virus absorbed less than 1% of the neutralizing antibody absorbed by the homologous virus.
Competition RIA. Viruses were compared using competition RIA as described by Crowther (5 overnight. The homologous radioactive virus was then added to each competitor series at the same dilution as used in the titration of the antiserum. After incubation at 370C for 1 h and 40C overnight, unreacted radioactive virus was measured after the addition of rabbit anti-guinea pig antiserum as already described. Controls were included to determine the radioactive virus and homologous antibody reaction in the absence of unlabeled competitor (0% competition) and to measure the total radioactive counts added to each well (100% competition). The percentage inhibition of the homologous radioactive virus-antibody reaction was plotted against the logo of the absorbance of the competing strains. Lines were drawn through points between 10 and 85% competition using linear regression analysis. For each assay the homologous unlabeled virus competition plot was used as the standard, and the competition plots of the heterologous strains were compared to this. The amount of unlabeled virus needed to block 50% of the radioactive homologous virus from precipitation was used to relate the viruses. Table 2 ). The patterns obtained are shown in Fig. 2 . Isolate UK 179/73 (Ml) gave a pattern identical to UK 27/72, but UK 10/76 (M2), isolated on the same farm three years later, gave a different pattern ( Fig. 2A) . Isolate UK 308/73 (Hi) differed from UK 27/72 (Fig. 2B) , but was similar to UK 233/73 (see Fig.  1 ). However, UK 300/74 (H2, Fig. 2B PAGE of the structural polypeptides of viruses isolated in Hong Kong. In some of our previous work (9) it was shown that variation also occurred in the migration of the polypeptides of SVDVs isolated in countries other than the United Kingdom. A more extensive study was made of the viruses isolated in Hong Kong because it was considered that it would be of greater interest epidemiologically to compare isolates from a country well separated from the Serological comparison of SVDV isolates. Previous work on the serological relationship between SVDV and coxsackie B5 virus showed that some of the SVDV isolates could be distinguished by spur line formation in immunodiffusion tests (2, 3) . Isolates UK 27/72, HK 36/71, and It 1/66 could be differentiated readily by this test, and UK 27/72 could be distinguished from UK 233/73 (2).
RESULTS
As we have described above, isolates UK 27/ 72 and UK 233/73 also gave different PAGE patterns of their virus particle polypeptides. To determine whether there is any general correlation between the PAGE profiles and the serological properties of the viruses and to obtain some (Table 3) . Absorption of the neutralizing activity of any of the sera required at least 100 times more of the heterologous virus than of the homologous virus.
The potential value of this method for the differentiation of SVDV isolates was then tested. The differences obtained were much smaller than those obtained with the coxsackie B5 viruses, and the only SVDVs we have tested that could be distinguished by this method were France 1/73 and It 1/66 (Table 3) .
Competition RIA. In accordance with the Table 4 show that RIA distinguishes clearly between SVDV isolates and coxsackie B5 viruses. Compared with the antibody blocking and neutralization tests, however, RIA could also differentiate between SVDV UK 27/72 and HK 36/71, viruses that were distinguished previously by immunodiffusion tests (2, 3) 
DISCUSSION
The results of the PAGE analysis of different SVDVs show that considerable variation occurs in the mobility of the structural polypeptides. The migration of polypeptides 1, 3, and 4 is similar in most of the isolates, the greatest variation occurring in polypeptides 2 and 0. On the basis of these analyses, viruses from the United Kingdom that have been examined so far fall into four groups, and those from Hong Kong form five groups.
Three serological methods were used to analyze the antigenic differences between the SVDVs. The neutralization tests only allowed differentiation of coxsackie B5 virus from the SVDVs, and the antibody blocking test was only capable of differentiating the less-related SVDVs, e.g. It 1/66 and UK 27/72, and the coxsackie B5 viruses from the SVDVs. These results emphasize the considerably greater differences found between the coxsackie B5 and SVDVs compared to the individual SVD isolates.
Competition RIA, however, clearly distinguishes very closely related viruses. SVDVs having the same polyacrylamide gel pattern, e.g. UK 179/73 (Ml) and UK 27/72, were not distinguished by RIA, whereas those that had distinct gel patterns were found to be different by this test (Table 4 ). There were, however, some exceptions to this rule; for example, UK 233/73, UK 308/73, and HK 36/71, all of which had the same polyacrylamide gel profile, reacted differently in the RIA. This observation is important because the similarity in gel pattern suggested at first that the same virus was responsible for all three outbreaks. It also indicates that PAGE patterns do not give the full epidemiological picture without supporting serological data.
Nevertheless, these results strongly suggest that the different patterns obtained for isolates from the same farm in the United Kingdom were probably due to the introduction of a new virus rather than recrudescence of an old one.
The extensive antigenic variability in these viruses is difficult to correlate with their known physical stability. We have no evidence that any alteration occurs in the mobilities of the polypeptides as a result of extensive passage of virus in tissue culture or of varying the type of cell used for passage. The results described in this paper indicate, therefore, that PAGE and RIA are valuable in
